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PROJECT SUMMARY

A two-year study of precipitation and fluctuating lake level on the Upper St. Croix Lake was
initiated in 1999 to better understand controls on periodic flooding which causes shoreline
erosion, property damage and land use planning problems for residents along the lakeshore. The
goal of the field trial was to establish a protocol for monitoring precipitation (snow and rainfall),
lake level, and stream discharge within the Upper St. Croix Lake sub-basin in order to establish a
framework for conducting a long-term study of the inflow, outflow and storage components of
the hydrologic budget.

A comparison of precipitation data from this study and historical records indicates that 1999 was
an exceptionally wet year, exceeding average annual precipitation totals by 12.82 inches.
Although snowfall accumulations during the winter of 1999 were below average, precipitation
during the spring and summer were significantly above average. For example, the total rainfall
for June and July exceeded all precipitation totals for the 95 years on record. The wet summer
resulted in significant increases in lake level (greater than 4 feet), which peaked during a one
hundred year flood event in late July. In contrast, precipitation during 2000 was slightly below
average. Precipitation totals fell short of historical averages by 4.85 inches. Lake levels rose a
modest 1.5 feet during the summer months of 2000.

Based on 1999 and 2000 precipitation and lake level hydrographs, a simple hydrogeologic model
is proposed to explain stage fluctuations on the Upper St. Croix Lake. During relatively dry
spring and summer seasons, the high infiltration rate and storage capacity of the glacial outwash
“sandy” substrate that mantles the watershed absorbs a significant fraction of precipitation
relative to runoff during moderate to long duration, low magnitude precipitation events. Slow
groundwater flow delays the response of lake level to precipitation events by days and water
level increases are modest and gradual as a result. In contrast, during relatively wet spring and
summer seasons, soil moisture content gradually increases, reducing the capacity of the
subsurface to absorb and temporarily store water. When intense rainstorms occur during periods
of high soil saturation, surface runoff necessarily becomes the preferred avenue for water
movement down slope. High water invading low-lying shoreline areas is enhanced simply
because the soil zone storage is used up and the lake has a finite capacity to accept incoming
discharge and move it through the system. The short lag times between precipitation events and
lake level peaks are enhanced by the efficiency of high gradient tributaries that feed into the low
gradient Upper St. Croix Lake system. During the exceptionally high magnitude and short
duration rainfall events, overland flow completely overwhelms the capacity of the lake to accept
incoming overland flow and flooding results.

Volumetric estimates indicate that the Upper St. Croix Lake has a capacity to hold up to 4.67 x
10> cubic feet (1.32 x 10* cubic meters) of water without significant flooding. The magnitude of
precipitation events that occurred during June and July 1999 greatly exceeded the storage
capacity of the lake, as well as the ability of the lake/stream system to move incoming water out
of the system. The magnitude of the July 26™ precipitation and other rainfall events during June
and July can be appreciated by comparing the volume of water that fell on the watershed relative
with the capacity of the Upper St. Croix Lake to store it. Volumetric calculations indicate that the
five major precipitation events that occurred between June 1% and July 31* delivered water
volumes to the basin that exceeded lake storage capacity by 280 to 1000 times!
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The bottom line for residents of the Upper St. Croix Lake sub-basin is the recognition of the fact
that if you occupy floodplain areas of the watershed sub-basin, you can expect to be impacted by
rising lake levels. This is because of the natural physiography of the sub-basin (high gradient
tributary streams feeding an exceptionally low gradient trunk stream), and the fact that the small
drainage area of the sub-basin amplifies the effects of precipitation events when the infiltration
capacity of the soil zone is overwhelmed by the intensity of precipitation in the watershed.

Several aspects of the Upper St. Croix Lake hydrogeology require further study in order to
provide a quantitative model for flooding in the sub-basin. Daily (24-hour) monitoring does not
provide the short-term data (resolution) necessary to understand how the magnitude and duration
of precipitation events, surface runoff and lake level vary dynamically in “real time”. It is
recommended that instrumentation be acquired that would allow the monitoring of these
parameters on hourly (or shorter) time intervals. In addition, a continuation of this field study
should include: 1) documentation of seasonal soil moisture variations, 2) field and laboratory
analysis of soil zone hydraulic conductivities, and 3) the initiation of seasonal field trials to
document variations in depth to water table, map water table configuration, groundwater flow
direction, and flow velocity. This information is necessary to more fully understand the role
groundwater plays as a component of the Upper St. Croix Lake watershed hydrologic equation.
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INTRODUCTION

Pilot Project Study Area

This report summarizes the results of a two-year hydrogeologic investigation of the Upper St.
Croix and Eau Claire Rivers watershed, which is located in the headwaters region of the St.
Croix River National Scenic Waterway of Wisconsin and Minnesota. The watershed, which
occupies portions of Douglas and Bayfield counties, can be divided into five principle sub-basins
(Figure 1). The Upper St. Croix Lake, Ox Creek and Eau Claire River sub-basins represent the
headwater regions of the Upper St. Croix and Eau Claire Rivers watershed as a whole. These
sub-basins discharge into the St. Croix River that connects the headwater regions to the St. Croix
Flowage (a.k.a. the Gordon Flowage), where surface waters exit the system into the St. Croix
River National Scenic Waterway.

Of specific interest in this investigation is the Upper St. Croix Lake sub-basin which experiences
“unusual” variations in water level that can result in flooding, shoreline erosion and land use
planning problems. Residents of the sub-basin indicate that flooding problems are especially
severe when rising lake levels accompany snowmelt during the spring thaw and short duration,
high intensity precipitation events during the summer season. Inhabitants of the Gordon Flowage
sub-basin on the other hand indicate that water levels in this part of the watershed system are
commonly very low, reducing property values and the use of the flowage as a recreational
resource.

The Fluctuating Lake Level Problem: A Historical Dispute

Fluctuating lake levels in the watershed have been a matter of public discourse and dispute for
over sixty years. The controversy over water levels on the Upper St. Croix Lake dates back to the
building of the St. Croix Dam (a.k.a. the Gordon Dam), which is located 6.25 miles west of
Gordon (Figure 2). The dam was constructed in 1937 as part of a WPA project during the
1930’s Great Depression. Residents of Solon Springs maintain that the St. Croix Dam is
responsible for periodic flooding by creating backwater conditions on the Upper St. Croix Lake.

Newspaper articles from September 1945, shed light on the nature of the fluctuating lake-level
dispute. In an article from the Superior Telegram (09/06/45), Upper St. Croix Lake property
owners maintained that late summer rainfalls initiated flood events that inundated shoreline
properties, resulting in significant damage to lakeshore properties (Figure 3). Their
recommendation was to remove the dam to insure adequate surface runoff and the maintenance
of normal water levels on the lake during storms.

Gordon Flowage residents on the other hand report in Superior Telegram articles (09/11/45 and
09/14/45; Figure 4), that water levels on the flowjage were significantly below normal, leaving
flowage shoreline properties high and dry. Flowage residents maintained the dam was necessary
to ensure water levels sufficient for recreation activities and the maintenance of property values.
Gordon Flowage residents argued that the dam had little or no effect on the Upper St. Croix Lake
levels. They suggested that periodic flooding of Upper St. Croix Lake cottages was simply a
consequence of building on swampy, lowland areas that would be prone to flooding whether the
Gordon Dam was there or not.
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Figure 1 Study area location map illustrating the St. Croix and Eau Claire Rivers watershed of
Douglas and Bayfield Counties, Wisconsin. The focus of this investigation is the Upper St. Croix

’ Lake sub-basin that experiences “unusual” variations in water levels that result in flooding,
shoreline erosion and land use planning problems.
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Figure 2 Air photo mosaic illustrating the position of the Upper St. Croix Lake and St. Croix
Flowage (a.k.a. Gordon Flowage), as well as perceived causes of high water levels and flooding
on the Upper St. Croix Lake.




Figure 3 Superior Telegram newspaper article highlighting the nature of the fluctuating lake level
dispute from the perspective of residents of the Upper St. Croix Lake (September 6™ , 1945).
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Figure 4 Superior Telegram newspaper articles highlighting the nature of the fluctuating lake level
dispute from the perspective of residents of the Gordon Flowage (September 11% and 14", 1945).

8




Property owners on both the Upper St. Croix Lake and the Gordon Flowage petitioned the
Wisconsin Public Service Commission to mitigate the lake level dispute. During the course of
this effort, three other potential causes of the lake level problem were brought to light. These
included: the “weed”, “gravel bar”, and “multiple constriction” theories.

The “weed” theory holds that aquatic vegetation in the St. Croix Flowage restricts water flow
causing a backwater effect on Upper St. Croix Lake (Figure 2). The “gravel bar” theory suggests
that the major cause of high-water on Upper Lake St. Croix is a constriction produced by a 1700
sq. ft. gravel bar located at the Old Highway 53 bridge north of Gordon. The gravel bar is a
sedimentary deposit formed at the mouth of the Eau Claire River where it intersects the lower
gradient St. Croix River (Figure 2). The “multiple obstruction” theory maintains that high-water
levels are a consequence of the combined effects of five major obstructions that existed along the
approximately 14-mile section of the St. Croix River between Solon Springs and Gordon (Figure
2). In a downstream direction these included: the Cut-A-Way Dam, the SOO Line Railroad
Bridge, the C&NW Railroad Bridge, and the Old Highway 53 Bridge.

Ultimately, the fluctuating water level problem and the question of whether or not to remove or
modify the dam was not resolved, although strategies to help reduce the problem without
removing the dam were suggested by engineering consultants participating in the dispute. These
included channel dredging, weed eradication, and the construction of a flood pumping station to
move water through the system more efficiently during high water periods. Currently, there is
still no consensus as to the likely cause or causes of lake level fluctuations.

The WDNR developed hydraulic models in an attempt to quantify the contribution of potential
backwater affects on the Upper St. Croix Lake. Although backwater affects are difficult to
calculate, WDNR calculations suggest that:

1) The Gordon Dam has no effect on lake level at Solon Springs until the dam level exceeds
an elevation of 1015 feet above sea level. Currently, water levels are maintained at an
elevation of 1014 fi., with adjustments to 1013 ft. made just before and after winter
freeze-up (although this compromise has not eliminated the problem or the concern of
lake residents).

2) Aquatic vegetation and gravel bar removal would have a maximum benefit of lowering
lake level by 0.22 and .10 ft. during a ten-year flood event respectively.

3) The contribution of transportation related obstructions along the St. Croix River during
normal and ten-year flood stage flow range from approximately 0.5 to 1.55 fi.
respectively.

Assuming that WDNR calculations are reasonable estimates, an individual might conclude that
backwater affects are significant contributors to high water levels in the Upper St. Croix sub-
basin. However, given the reality that: 1) the removal of the Gordon Dam and highway/railroad
infrastructure is extremely unlikely; and 2) the fact that weed eradication and gravel bar removal
would provide negligible and only short-term benefits at considerable cost, Upper St Croix Lake
and Gordon Flowage residents have initiated programs to better understand relationships
between development stress in the watershed and the natural workings of the lake system.
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Pilot Project Objectives

One of the “missing links” in the fluctuating water level dispute is that basic scientific data
regarding the hydrogeology of the Upper St. Croix and Eau Clair River watershed are
fragmentary or nonexistent. The principle goal of this field trial was to establish a protocol for
monitoring precipitation (snow and rainfall), lake level, and stream discharge (runoff) within the
Upper St. Croix Lake sub-basin. This data combined with the analysis of existing historical
precipitation and hydrogeologic data would establish a framework for understanding controls on
fluctuating lake levels, with hopes of developing a conceptual model that would provide a
context for initiating a long-term study of the hydrologic budget (the inflow, outflow and storage
components of the hydrologic cycle) in the study area (Figure 5).

Figure 5 The hydrologic budget for a watershed can be represented by a simple equation.
Precipitation as rain or snowfall (the inflow component), equals the algebraic sum of water
output (surface runoff, groundwater flow, evapotranspiration, and the consumptive use by
humans), plus short-term water stored in the system (typically as surface ponds, vegetation
moisture and soil moisture).

A second goal of the pilot project focused on the initiation of educational outreach programs for
the Solon Springs community emphasizing the basic principles of surface and groundwater
hydrology pertinent to the Upper St. Croix Lake and Gordon Flowage. This effort focused on
Lake Association, community and school group forums explaining how the various components
of the hydrologic cycle operate on a drainage basin scale. Discussion topics emphasized the
dynamic interactions between precipitation, surface runoff and infiltration, natural and
anthropomorphic controls on river flooding, as well as field procedures used to monitor
watershed hydrology.
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Watershed Monitoring and Available Historical Data

In order to quantify annual precipitation in the study area, a monitoring network consisting of 57
area residents was established. Each resident was supplied with a rain gauge to monitor daily
(24-hour) precipitation in tenths of an inch and/or in centimeters. Precipitation data was recorded
on standardized monthly forms and were transmitted to UW-Superior via electronic mail or the
U.S. Postal Service. UW-Superior student research assistants compiled this data into
spreadsheets utilizing Microsoft Excel. During the winter months, a monitoring program was
initiated to estimate total snow accumulation and snow moisture content. Snow monitoring data
was supplemented by snow accumulation measurements made by the WDNR forestry station in
Gordon and by area residents as well.

Historical records of monthly precipitation in the watershed from 1931 through 1998 were
obtained from National Oceanic and Atmospheric Administration (NOAA) records. Additional
precipitation records compiled by the Mid-continent Climate Center at the University of Illinois
provided minimum, maximum and average daily/monthly precipitation data for the years 1906 to
the present. The historical data sources were used to evaluate normal, wet and dry year averages
as well as calculate precipitation recurrence intervals for the watershed.

Monitoring Upper St. Croix Lake level was initiated in early spring once lake ice had completely
melted. Lake level monitoring continued until winter freeze-up in the late fall. Daily fluctuations
in lake level were monitored at three stations on the Upper St. Croix Lake (Figure 6).
Precipitation and lake level hydrographs were constructed to analyze interrelationships between
precipitation events and lake-stage fluctuation. Hydrographs can provide a means of making a
qualitative assessment of relative relationships between soil infiltration, surface runoff and lake
level fluctuation. If data for hydrograph construction are collected for a large number of years,
they can be useful in constructing a picture of the “normal” behavior of the watershed system to
storm events of differing magnitude and duration.

Stream discharge monitoring stations were established on each of the seven tributaries that flow
into the Upper St. Croix Lake from the west and northeast, as well as along the St. Croix River at
the site of the Cut-a-way Dam (Figure 6). Stream surveys were performed to characterize the
cross-sectional profile, wetted perimeter, and channel roughness characteristics. Flow velocity
measurements were made using a rod-suspended flow meter with direct digital readout of flow
velocity in feet or meters per second.

Subsurface lithologic and hydrologic information was gathered from water well driller’s logs
obtained from the Wisconsin Department of Natural Resources (WDNR). These data were useful
in making a general assessment of subsurface lithologic and hydrologic characteristics. It is
important to emphasize that interpretations made using this data are necessarily vague and are
used to characterize only general subsurface relations. This is because the water wells are located
imprecisely (only to the nearest quarter of a quarter section), driller’s logs do not provide
wellhead elevations that are necessary for subsurface mapping, and the fact that lithologic
descriptions provided by different drilling contractors are quite variable (lack standardization).
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